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= = =∫ ∫  (5)
で与えられる。また半減期 t1/2は
1/2
ln 2 0.693                                       (6)t
θ θ
= ≈  (6)
表１　汚染物質と自然浄化率
平均寿命 半減期 θ ω＞
オゾン破壊物質＊ CFC-12 100 0.010000 0.00
HCFC-22 12 0.083333 －0.88
長寿命温室効果ガス＊ 二酸化炭素 さまざま 0.008629 0.16
メタン 12 0.083333 －0.88
一酸化二窒素 114 0.008772 0.14
高レベル放射性廃棄物＊＊ Pu-239 24110 0.000029 346.83
　　　長寿命核種 Am-241 432.6 0.001602 5.24
I-129 15700000 0.000000 226502.12
　　　短寿命核種 Sr-90 28.90 0.023984 －0.58
Cs-137 30.08 0.023043 －0.57
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制約条件のはじめの３式 ( ),  ( ),  ( )K t W t D t    の









( ),  ( )W t D t  の式は，重量表現された経済と汚染ス
トックのマテリアルズ・バランスを表している。
最終財生産（国民所得）に関する
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 (10) 
については本文で述べた。AMモデルの制約条


















3 1 2 3
+ , 
0.217, 0.259, 0.338 , 


































































Acemoglu, Darton, Phillipe Aghion, Leonardo Burztyn, 
and David Hemous（2012） “The environment and 
directed technical change,” American Economic Review 
102: 131–166.
Aghion, Philippe and Peter Howitt（1998） Endogenous 
Growth Theory. MIT Press.
Akao, Ken-Ichi（2014） “Preference constraint for 
sustainable development,” Environmental Economics and 
Policy Studies 16: 343–357.
Akao, Ken-Ichi and Shunsuke Managi（2007） “Feasibility and 
optimality of sustainable growth under materials balance,” 
Journal o f  Economic Dynamics and Control 31: 3778–3790.
Barro, Robert J. and Xavier Sala-i-Martin （2005） 
Economic Growth: 2nd Edition. MIT Press.
Diamod, Jared（2011） Collapse: How Societies Choose to 
Fail or Succeed: Revised Edition. Penguin.
Grossman, Gene M. and Alan B. Krueger （1995） “Economic 
growth and the environment,” Quarterly Journal o f  
Economics 110: 353–377.
Intergovernmental Panel on Climate Change （2007） 
Fourth Assessment Report, Working Group I: Technical 
Summary （https://www.ipcc.ch/publications_and_data/
ar4/wg1/en/ts.html Access 2017/1/5）
International Atomic Energy Association （2009） 
Determination and Use of Scaling Factors for Waste 
Characterization in Nuclear Power Plants. （http: //www-
pub.iaea.org/MTCD/publications/PDF/Pub1363_web.
pdf Access 2016/8/5/）
Meadows, Donella H., Dennis L. Meadows, Jorgen Randers, 
and William W. Behrens III （1974） The Limits to growth: 
a report for the Club of Rome's project on the predicament of 
mankind. Universe Books.
Nordhaus, William （2008） A Question of Balance: Weighing 
the Options on Global Warming Policies. Yale University 
Press.
Ramsey, Frank. P. （1928） “A mathematical theory of 
saving,” Economic Journal 38: 543–559.
Stern, N. （2007） The Economics of Climate Change: The 
Stern Review. Cambridge University Press.
Stokey, Nancy L. （1998） “Are there limits to growth?” 
International Economic Review 39: 1-31.
UNFCCC （2015） Synthesis report on the aggregate effect 
of the intended nationally determined contributions. 
（FCCC/CP/2015/7） （http://unfccc.int/resource/
docs/2015/cop21/eng/07.pdf  Access 2016/8/5/）
World Commission on Environment and Development 
（1987） Report of the World Commission on Environment 
and Development: Our Common Future. （http://www.
un-documents.net/our-common-future.pdf Access 
2016/8/5/）
WMO/UNEP （2002） Scientific Assessment of Ozone 
Depletion: 2002 Twenty Questions and Answers About 












When society moves away from sustainable development
Ken-Ichi Akao
School of Social Sciences, Waseda University
　Sustainable development, having both economic 
growth and environmental conservation, is not necessarily 
economically optimal. This indicates that the present 
generation may willingly take an unsustainable path, 
recognizing that it will be hardly acceptable for future 
generations. In the framework of endogenous growth 
theory, we can identify the necessary conditions for an 
economically optimal path to be sustainable development. 
One key factor in the conditions is the assimilation 
capacity of nature. The capacity relates to the lifetime of 
pollutants. I discuss how sustainable development can 
be undermined by long lifetime pollutants such as some 
of ozone depleting substances, greenhouse gasses and 
radioactive wastes. The discussion may shed new light 
on environmental issues and contribute to obviating a 
potential threat to sustainable development.
